Aims N-terminal-pro-B-type-natriuretic-peptide (NT-pro-BNP) concentrations are altered in renal failure. This study examined the effect of baseline and change from baseline NT-pro-BNP on cardiovascular outcome and mortality in haemodialysis patients.
Introduction
Brain natriuretic peptide (BNP) and its counterpart N-terminalpro-B-type-natriuretic-peptide (NT-pro-BNP) are associated with morbidity and mortality in a wide range of patients. 1 -4 This has stimulated interest about the role of NT-pro-BNP in renal patients. In chronic kidney disease, NT-pro-BNP was associated with coronary artery disease (CAD) and left ventricular hypertrophy. 5 In peritoneal dialysis patients, NT-pro-BNP was related to left ventricular dysfunction, cardiovascular events (CVEs), and mortality. 6, 7 Finally, in a cohort of 399 haemodialysis patients, NT-pro-BNP was associated with 2 year all-cause death 8 and, in a smaller cohort, with 3 year cardiac morbidity and mortality.
Up to now, the association of baseline NT-pro-BNP with sudden death (SD), stroke, and myocardial infarction (MI) has not been evaluated in renal patients. Furthermore, the effect of a longitudinal change in NT-pro-BNP on outcome has not been investigated before. Therefore, we assessed the effect of baseline and change from baseline NT-pro-BNP on SD, stroke, MI, CVE, and all-cause mortality by performing post hoc analyses of the German Diabetes Dialysis Study [4D-Study (Die Deutsche Diabetes Dialyse Studie)], 10 which evaluated atorvastatin in 1255 patients with type 2 diabetes mellitus (T2DM) on maintenance haemodialysis treatment.
Methods Study design and participants
The 4D-Study methodology has previously been reported. 11 Briefly, the 4D-Study was a randomized trial including 1255 patients with T2DM, 18 -80 years, and previous duration of haemodialysis of ,2 years. Between March 1998 and October 2002, patients were recruited in 178 dialysis units throughout Germany. After a period of 4 weeks, patients were randomly assigned to double-blind treatment with either 20 mg of atorvastatin (n ¼ 619) or placebo (n ¼ 636) once daily. Study visits took place three times before randomization (visit 1 -3), at randomization (visit 4), and at four weeks (visit 5) and every six months (visit 6 etc.) after randomization. At each follow-up until March 2004, a blood sample was taken and information was recorded about any suspected endpoint or serious adverse event.
The primary study endpoint of the 4D-Study was a composite of death from cardiac causes, MI, and stroke, whichever occurred first. Death from any cause, SD, stroke, and MI (fatal and non-fatal MI) were secondary study endpoints. 4D-Study endpoints were centrally adjudicated by three members of the endpoint committee blinded to study treatment and according to pre-defined criteria.
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For the present analysis, the combined cardiovascular endpoint (cardiac death, MI, stroke), all-cause death, SD, stroke, and MI were all chosen to be separate outcome measures and were based on the primary judgement of the endpoint committee during the 4D-Study.
NT-pro-BNP was measured in blood samples taken at study visit 3 (1 week before randomization) and visit 6 (6 months after randomization). If there was no sample available at visit 6 (n ¼ 20), a sample taken at the following study visit was chosen (visit 7: n ¼ 19; visit 11: n ¼ 1). One of those 20 patients experienced a non-fatal stroke before visit 7 and was therefore censored for analysis.
Laboratory procedures
All laboratory measurements of the 4D-Study including NT-pro-BNP were performed at the Department of Clinical Chemistry, University of Freiburg, Germany. Measurements of NT-pro-BNP were performed by electrochemiluminescence immunoassay on an E 170 analyser (Roche Diagnostics, Mannheim, Germany). Inter-assay coefficients of variance were ,5%. Blood samples were taken before the start of dialysis and administration of drugs.
Statistical analysis
Baseline patient characteristics are presented according to baseline NT-pro-BNP quartiles. Continuous variables were expressed with mean and standard deviation, and categorical variables were expressed with absolute and relative frequencies. The effect of NT-pro-BNP (baseline and change from baseline) on outcome was assessed by Kaplan-Meier estimates for incidences of the pre-specified endpoints and by relative risks derived from Cox regression analyses, i.e. hazard ratios (HRs) and corresponding 95% confidence intervals. The Cox regression analyses were adjusted for the confounders of gender, age, atorvastatin treatment, phosphate, low-density lipoprotein, haemoglobin, glycated haemoglobin, albumin, smoking, systolic/diastolic blood pressure, body mass index, ultrafiltration volume, duration of dialysis, arterio-venous (AV) fistula, history of stroke or transitory ischaemic attack, CAD (e.g. MI, coronary artery bypass grafting, percutaneous coronary intervention, or angiographically documented CAD), peripheral vascular disease, and congestive heart failure (CHF; predominantly New York Heart Association class II).
In detail, the following analyses were performed. First, the association of baseline NT-pro-BNP with the pre-defined outcome measures of SD, stroke, MI, CVE, and mortality was analysed, both as a continuous variable (logarithmically transformed because values were not normally distributed and the linearity assumption was satisfied for the log-transformed values) and as a categorical variable (baseline NT-pro-BNP quartiles). Second, the association between change in NT-pro-BNP and outcome was evaluated: as a continuous variable (logarithmically transformed ratio of post-baseline/baseline NT-pro-BNP) and as a categorical variable (less than 210%, 210 up to þ10%, .10 up to 100%, and .100% change in NT-pro-BNP). Third, since baseline levels might affect this association, additional analyses regarding the effect of the change in NT-pro-BNP on outcome were done in subgroups of patients with baseline NT-pro-BNP values less than or equal to and greater than the median. Finally, we performed subgroup analyses regarding co-morbidity (patients with and without history of CAD, and with and without history of CHF) and determined the association of baseline and change in NT-pro-BNP with total mortality (other outcomes had no adequate power in subgroups). In general, to compare NT-pro-BNP between the atorvastatin and placebo groups, the Wilcoxon rank-sum test was used, whereas the Wilcoxon signed-rank test was applied to compare baseline with post-baseline NT-pro-BNP within groups. All P-values are reported two-sided. In the models assessing the effect of the change in NT-pro-BNP on outcome, patients experiencing an endpoint before the second NT-pro-BNP measurement were used as censored at this time point (22 patients experienced a CVE, eight a stroke, and 14 a non-fatal MI prior to the second measurement). Analyses were done using SAS version 8.2.
Results
Of 1255 patients taking part in the 4D-Study, 1249 had a baseline and 1205 had a post-baseline NT-pro-BNP measurement, with 1203 patients having both. In total, 633 placebo and 616 atorvastatin samples at baseline and 606 placebo and 599 atorvastatin samples after a median of 182 days (interquartile range 177-185 days) were analysed. The mean follow-up-period was 3.96 years (median 4.0 years) on atorvastatin and 3.91 years (median 4.08 years) on placebo. During follow-up, 612 patients died (160 of SD). Furthermore, 465 patients reached the composite cardiovascular endpoint (CVE) (cardiac death, non-fatal MI, stroke), with MI and stroke occurring in 200 and 99 patients, respectively.
Median baseline NT-pro-BNP was high (3361 pg/mL). During follow-up, NT-pro-BNP increased significantly (median increase of 219 pg/mL, P , 0.001). No significant difference between the atorvastatin and placebo group with respect to baseline, postbaseline, and change from baseline NT-pro-BNP was detected. Patients' baseline characteristics are shown in Table 1 . 21 (67) 27 (83) 31 (98) 38 (117) CHF b , % (n) 27 (84) 30 (93) 37 (115) 48 (149) Stroke/TIA, % (n) 18 (57) 17 (53) 19 (60) 17 (52) Peripheral vascular disease, % (n)
36 (113) 46 (145) 41 (128) 54 (169) Haemoglobin, g/dL 11. Baseline N-terminal-pro-B-typenatriuretic-peptide and outcome
Absolute risks Overall, the absolute mortality risks were high and increasing over quartiles of baseline NT-pro-BNP. After 4 years of follow-up, the cumulative incidences of all-cause mortality were 0.323 in the first quartile, 0.427 in the second quartile, 0.545 in the third quartile, and 0.677 in the highest quartile of baseline NT-pro-BNP.
Regarding the change in NT-pro-BNP, mortality risks increased with rising NT-pro-BNP levels. The 4 year cumulative incidences of death were 0.420 in patients with decreasing NT-pro-BNP, 0.424 in patients with stable levels, and 0.481 in patients with an increase of NT-pro-BNP .10 and 100%. The highest risk of 0.654 was seen in patients with more than a doubling in NT-pro-BNP levels.
Relative risks
Baseline NT-pro-BNP was significantly associated with the risk of SD, stroke, CVEs, and mortality. Per unit increase in log-transformed baseline NT-pro-BNP, the relative risks of experiencing these endpoints increased, as being reflected by the adjusted HRs: HR SD Furthermore, the relation between NT-pro-BNP and all-cause death was independent of baseline co-morbidity, as similar HRs of all-cause death were found in subgroups of patients with and without CHF [HR CHF 1.26 (1.13-1.41); HR noCHF 1.27 . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ....... Figure 1 and Table 2 .
Change from baseline N-terminal-pro-B-type-natriuretic-peptide and the association with outcome With rising NT-pro-BNP (continuous variable), the relative risk of SD, combined CVEs, and all-cause mortality increased significantly, although no significant association with the risk of stroke or MI was detected. These results were independent of baseline NT-pro-BNP, as analyses stratified by baseline levels (less than or equal to and greater than the median) showed a similar pattern. Furthermore, the increasing risk of death with rising NT-pro-BNP was independent of baseline co-morbidity (CHF and CAD).
Results of analyses using the change from baseline NT-pro-BNP as a categorical variable are shown in Figure 2 and Table 3 . Patients with more than a doubling in NT-pro-BNP had a 51% higher risk of SD, a 37% higher risk of CVEs, and a 46% higher risk of all-cause death than patients with stable levels. Regarding SD, further subgroup analysis showed that patients with low baseline NT-pro-BNP (less than or equal to the median) and a subsequent increase of .100% exhibited a more than three-fold increase in the risk of SD (HR 3.51, 95% CI 1.20 -10.27) compared with patients with stable levels. Accordingly, the relative risk of SD was more than halved in patients with baseline NT-pro-BNP above the median and a subsequent decrease .10% (HR 0.42, 95% CI 0.23-0.76) compared with patients with stable NT-pro-BNP.
Discussion
This study investigated the association of two consecutive NT-pro-BNP measurements with the outcome in a large prospective patient cohort with a high incidence of pre-specified and centrally adjudicated endpoints during 4 years of follow-up. In patients with T2DM on haemodialysis, baseline NT-pro-BNP was a risk factor for SD, stroke, CVEs, and all-cause mortality. In addition, the increase in NT-pro-BNP during follow-up was associated with SD, CVEs, and all-cause mortality. Notably, neither baseline nor change from baseline NT-pro-BNP was associated with MI.
Few data exist that specifically focus on NT-pro-BNP and the risk of SD. Only one study in heart failure patients has investigated this association before. 12 Against this background, the present analysis adds important new information to current knowledge when demonstrating a clear association between baseline NT-pro-BNP and risk of SD. This might have been due to the high incidence of SD in the present analysis (n ¼ 160) and the long follow-up period of 4 years compared with the former one (n ¼ 44, 1.68 years). Moreover, the follow-up measurement allowed for identifying subgroups of patients at higher and lower risk. In addition to the consistently high risk of patients with increasing NT-pro-BNP, subgroup analysis in patients with high baseline NT-pro-BNP showed a lower adjusted relative risk of SD for those with decreasing NT-pro-BNP (.10% decrease) compared with patients with stable levels. Since SD is common in patients with T2DM on haemodialysis (60% of cardiovascular and 26% of all-cause death) and mortality is high, NT-pro-BNP might be useful in risk stratification when considering therapeutic interventions (e.g. more frequent dialysis, beta-blocker, implantable cardioverter defibrillator). 13, 14 In contrast to patients with normal renal function, the association between stroke and NT-pro-BNP has not been evaluated in patients with kidney disease. 4,15 -17 We found that baseline NT-pro-BNP was a risk factor for stroke, although the change in NT-pro-BNP had no significant effect on the occurrence of cerebrovascular events. The association of NT-pro-BNP and stroke was independent of anaemia 18 and arrhythmia, but we did not Figure 2 Kaplan-Meier estimates for time to sudden death, cardiovascular event (cardiac death, non-fatal myocardial infarction, or stroke), and all-cause mortality in subgroups of patients according to change from baseline N-terminal-pro-B-type-natriuretic-peptide (group 1: less than -10%; group 2: -10 up to þ10%; group 3: .10 up to 100%; and group 4: .100%).
adjust for lesion size, insular involvement, or stroke severity, which were shown to eliminate NT-pro-BNP from a multivariate model in patients with acute stroke. 19 Limited data have been reported about NT-pro-BNP and MI in patients with stable vascular disease. 20 As Omland et al., 20 we found no association between NT-pro-BNP and MI, and furthermore found that changes in NT-pro-BNP did not affect the risk of MI, independently of baseline NT-pro-BNP levels. This suggests that the association between NT-pro-BNP and mortality as well as combined CVEs was unlikely to be explained by the risk of MI. By now, follow-up measurements of NT-pro-BNP in chronic vascular disease and their association with various endpoints have not been reported in this form. The increase in NT-pro-BNP from baseline (continuous variable) was associated with an increased risk of combined CVEs and mortality, independent of baseline NT-pro-BNP and-regarding the risk of death-independent of baseline co-morbidity (history of CHF or CAD). In categorized analysis, the increase .100% was associated with a higher risk of outcome compared with patients with stable levels (NT-pro-BNP + 10% from baseline), whereas smaller increases (,100%) or decreases (.10%) in NT-pro-BNP had no significant effect on outcome.
As other investigators, 1 -4,7 -9 we found baseline NT-pro-BNP to be a risk factor for all-cause mortality. The HR for mortality This might be due to the high mortality in the present patient cohort. After a follow-up period of 4 years, the cumulative rate of death in patients with NT-pro-BNP 400 and ,2000 pg/mL was 0.34, and that in patients with NT-pro-BNP .2000 pg/mL was 0.57. In individuals from the Ludwigshafen Risk and Cardiovascular Health Study, 3 the respective values were 0.12 and 0.29. As overall mortality was remarkably lower in the latter cohort, the relative risk of dying could be considerably higher. However, further comparisons were impeded by varying categorizations of NT-pro-BNP, follow-up time, etc. As NT-pro-BNP in other studies equally affected cardiovascular morbidity and hypervolaemia, it remains speculative whether optimal adjustment of dry weight might influence prognosis. 9, 21 Similar to other patients with chronic kidney disease, baseline NT-pro-BNP (median 3361 pg/mL) largely exceeded normal values (,50-334 pg/mL) 7 -9,22,23 in the present study. According to a previous work, left ventricular wall tension, 24 associated haemodynamic factors, 5 -7,25 cardiac ischaemia, 26, 27 and reduced renal extraction 22, 23, 28 are possible causative factors. In addition,
NT-pro-BNP was shown to depend on volume status and residual diuresis in haemodialysis patients 9, 21 and to be higher in diabetic patients. 29 In the present study, baseline data seem to be well compatible with this. However, the percentage of patients with AV fistula potentially causing a volume overload was lowest in patients with NT-pro-BNP levels in the fourth quartile. This was against expectations since the creation of an AV fistula was shown to produce an elevation of BNP. 30, 31 In the present study, median NT-pro-BNP increased slightly over time, possibly reflecting a progression of disease. A similar increase is known from patients at high risk of major vascular events from the Heart Protection Study, where simvastatin effectively improved outcome, and patients on simvastatin showed less increase in NT-pro-BNP compared with the placebo group. 16 In the present study, baseline, post-baseline, and change in NT-pro-BNP levels between atorvastatin-and placebo-treated patients did not differ significantly. Our study has certain limitations. It is a post hoc analysis within a selected cohort of German patients with T2DM on haemodialysis. Therefore, the relationship between NT-pro-BNP and risk may not be generalizable. We did not analyse heart failure events because of their low incidence and because they (except for death due to heart failure) have not been pre-specified endpoints. Although preliminary observations in this data set suggest that the concentrations of NT-pro-BNP are independent of the haemodialysis ultrafiltration volume, a more in-depth analysis as to whether intensive haemodialysis would reduce NT-pro-BNP and thus potentially attenuate risk would be desirable.
In summary, NT-pro-BNP is an important risk factor for death and CVEs in patients with T2DM on maintenance haemodialysis treatment. Not only high baseline NT-pro-BNP but also increases in NT-pro-BNP over time are associated with poor long-term clinical outcome. Whether treatment strategies guided by NT-pro-BNP levels will decrease morbidity and mortality needs to be evaluated in future.
